This study evaluated the effectiveness of two HAART regimens concomitant to rifampicin based tuberculosis (TB) treatment. Patients with TB/HIV diagnosis followed at the TB program between June 2000 and March 2005 were prospectively evaluated. The different HAART regimens in antiretrovirals (ARV) treatment naïve and ARV experienced patients were compared. The effectiveness of HAART was defined as a VL <80 copies/mL from month 4 to month 10 after TB treatment. One hundred and forty-two patients were included. Among these, 68 (47%) were treatment naïve and 76 (53%) previously exposed. Odds ratio (OR) in naïve patients treated with efavirenz (EFV) based regimen (n=42) compared to ritonavir/saquinavir (RTV/SQV) based regimen (n=26) was 8.0 (CI=1.67-38.35, p=0.008). OR from ARV experienced patients treated with RTV/SQV based regimen compared to EFV was 3.08 (CI=0.65-14.6, p=0.15), although with no statistical significance. Better effectiveness and tolerability were observed in antiretrovirals treatment naïve patients using EFV based regimens. Although not statistically significant, a favorable virologic response and a better tolerability were observed in the ARV experienced patients group who received a RTV/SQV based regimen.
Globally, the incidence of opportunistic infections among AIDS patients has declined after HAART introduction. However, tuberculosis (TB), among other infectious diseases remains a major cause of morbidity in developing countries [1, 2] .
Antiretroviral treatment in HIV-TB patients represents a challenge due to the interactions of rifampicin with antiretroviral drugs [3] . Moreover, anti-TB treatment without rifampicin is longer (1 year), uncomfortable, and more frequently associated with tuberculosis reappearance [4] . Rifampicin interacts with protease inhibitors (PI) and with non-nucleosides reverse transcriptase inhibitors (NNRTI), inducing cytochrome P450 and decreasing PI and NNRTI plasma levels [5, 6] . Side effects and drug-drug interactions must be considered when concurrent treatment of HIV and tuberculosis is administrated.
Factors of great relevance, as HAART effectiveness and comparative tolerability of antiretrovirals use concomitant to rifampicin, were poorly evaluated. Studies conducted so far have evaluated only one regimen and used small series [3, 7, 9] . The aim of this study was to evaluate the effectiveness of HAART regimens recommended in the Brazilian Guidelines, concomitant to rifampicin based tuberculosis treatment.
Material and Methods
We conducted a prospective study in a cohort of HIVpositive patients with tuberculosis (TB) diagnosis, followed at the Tuberculosis Clinic of the Instituto de Pesquisa Clínica Evandro Chagas (IPEC), Fundação Oswaldo Cruz, Rio de Janeiro, Brazil, from July 2000 to March 2005.
Patients with 18 years or older, HIV-positive, with signs and/or symptoms suggestive of tuberculosis (TB), confirmed by positive culture or a successful therapeutic test, defined as clinical and radiological improvement after the exclusion of other potential opportunistic diseases that might explain the condition, were included. Antiretroviral (ARV) naïve and patients already under ARV therapy were eligible.
Patients with TB diagnosis and no indication to initiate antiretroviral treatment, individuals that for some reason did not use rifampicin based tuberculosis treatment, or that for any reason did not perform viral load (VL) tests after TB treatment were excluded. Follow-up visits were performed at 15, 30, 60, 120, and 180 days after initiation of tuberculosis treatment. For the ARV naïve patients, HAART was initiated at least 30 days after the tuberculosis regimen was started. CD4 count was performed approximately 15 days after initiation of the TB treatment to evaluate indication of ARV. HIV plasma VL was performed 4 to 10 months after the TB therapy initiation. For those patients already on ARV at the moment of TB diagnosis, CD4 and VL results within 90 days of the TB diagnosis were considered. Effectiveness of HAART was defined in this study as a VL <80 copies/mL obtained within the 4 th and the 10 th month post-TB treatment. Tuberculosis and HIV therapies were prescribed according to the Brazilian Ministry of Health recommendations [8] , i.e., rifampicin 600mg, isoniazid 400mg, pyrazinamide 2000mg for 2 months, followed by rifampicin 600mg and isoniazid 400mg during 4 more months. Ethambutol 1200mg was added for patients with a medical history of previous tuberculosis treatment. Dose adjustment of the drugs was performed according to body weight, when required [8] .
The antiretroviral regimens used included two nucleoside analogs associated with efavirenz 600mg or ritonavir 400mg/ saquinavir 400mg. HAART regimens were prescribed according to Brazilian Ministry of Health guidelines. Safety was accessed by the presence of severe (grade III) or potentially life threatening (grade IV) adverse events that led to HAART interruption during TB treatment.
Logistic regression model was applied to evaluate the impact of covariates in the outcome (VL <80 copies/mL). Univariate analysis was performed for each covariate, including: median age (≤36 years vs. > 36 years), gender, clinical forms of TB (disseminated vs. pulmonary/extrapulmonary) CD4 count in TB treatment initiation (<200 vs. ≥200), exposition category (heterosexual, homosexual/ bisexual, other) viral load in TB treatment initiation (≤ 80 copies/mL vs. > 80 copies/mL) and ARV naïve (Yes vs. No). Covariates reaching up to 25% significance (p≤0.25) in univariate analysis were included in the multivariate model. Multivariate analysis was stratified by ARV naïve as an indicator variable. The model followed the stepwise backward strategy, and the criterion for the exclusion of the variables was the highest p-value. Variables with clinical significance (OR>1.30) or statistical significance (p<0.05) were kept in final model. The statistical analysis was performed using SAS software (SAS system version 9.2).
This project was approved by the "Comitê de Ética em Pesquisa" from the Instituto de Pesquisa Clínica Evandro Chagas, and all patients who accepted to participate in the study signed an informed consent form.
Results
From July 2000 to March 2005, one hundred forty two TB-AIDS patients were followed. Fifty-four (38%) were women and 56% were white race. The mean of age was thirty-seven years and 62% of the patients were heterosexual. The most frequent clinical forms of TB were pulmonary (61 patients -43%), disseminated (44 patients 31%) and ganglionar form (21 patients 15%). Mean and median baseline CD4 count were 169 (SD=147) and 132 cells/ mm 3 respectively. Mean and median baseline VL were 4.7 log (SD=1.26 and 5.1 log, respectively).
Sixty six (46.5%) patients were antiretroviral treatment naïve and 76 (53%) had previous experience to antiretrovirals. Demographic and clinical characteristics of patients are shown in Table 1 .
During follow-up, 22 (15.5%) patients died due to TB or AIDS. Twenty (13.8%) patients did not perform a VL test within 4 and 10 months after TB treatment initiation (nine of them were lost of follow up).
A total of 100 patients were followed until the end of the study and included in the logistic regression analysis. All patients achieved the cure criteria for tuberculosis and 54% patients achieved a VL < 80 copies/mL within 4 and 10 months after TB treatment.
Antiretroviral Treatment Naïve Patients
Among the 53 treatment naïve patients, baseline mean and median CD4 counts at beginning of tuberculosis treatment were 150 (SD=145 and 107 cells/mm 3 , respectively and mean VL was f 5.2 log (SD= 0.9). More than half of these patients (53%) were treated with an efavirenz based regimen, during all TB treatment. Among the 25 (47%) patients who initiated a ritonavir/saquinavir based regimen, only 11 (20%) remained on this regimen until the end of the TB treatment. Moreover, the fourteen patients who discontinued this regimen did it due to severe HAART treatment related adverse events. These patients were switched to an efavirenz based regimen, with good tolerability in all cases. Among patients treated with an efavirenz based regimen 64% (18/28) achieved VL<80 copies. Among those treated with a ritonavir/saquinavir regimen 27% (3/11) achieved VL<80 copies and 57% (8/14) of those who switched therapy achieved a VL<80 copies.
ARV Experienced Patients
Among the 47 ARV experienced patients mean and median baseline CD4 counts at the beginning of tuberculosis treatment were 191.8 cells (SD=149) and 160 cells/mm 3 , respectively. Mean and median VL were 4.2 log (SD = 1.4) and 4.5 log, respectively. Eight patients (16%) used a saquinavir/ ritonavir based regimen and 58 (41%) an efavirenz based regimen.
ARV experienced patients who were treated with efavirenz during TB therapy received multiple regimens before TB diagnosis. Most included an efavirenz based regimen (N=29) and some a PI based regimen (the most frequent was lopinavir/ r, N=2). Other regimens used were: indinavir/r (N=3), and nelfinavir (N=2).
Among patients treated with an efavirenz based regimen, 48% (19/39) achieved VL<80 copies; for those treated with a ritonavir/saquinavir based regimen, 75% (6/8) achieved VL<80 copies. In this group of ARV experienced patients, both treatments (TB and HIV) were well tolerated, and no serious adverse events leading to treatment change occurred.
ARV experienced patients who were treated with ritonavir/ saquinavir during TB therapy received different regimens before TB diagnosis, that included: double nucleoside analogs with AZT and 3TC (N=4), indinavir/r based regimen (N=4), not boosted indinavir (N=1), and nelfinavir based regimen (N=3).
Univariate and Multivariate Analysis
In the univariate analysis, race, age, TB clinical presentation, and CD4 cell count at TB diagnosis did not show an association with an undetectable viral load (VL <80 copies), as shows in Table 2 .
Factors that entered the initial multivariate logistic model included HAART, exposure category, ARV naïve and viral load at the beginning of TB treatment.
In the adjusted model by HAART, exposure category, clinical presentation of TB and viral load at beginning of TB, treatment naïve patients had 2.95 times higher chance to achieve undetectable viral load at the end of TB treatment than ARV experienced patients (p=0.008, data not showed).
Further analysis was conducted separately for antiretroviral naïve and ARV experienced patients, as shows Table 3 . In these models the variables "category of exposure and viral load at the beginning of TB" were not kept in the final model, as they did not show any effect, and have not reached statistical significance.
When a model including only treatment naïve patients was performed (model A), solely the variable "type of antiretroviral regimen" showed a significant association with the outcome. Patients who used efavirenz had a 7 times higher chance of achieving undetectable viral load (VL<80 copies) when compared to those using ritonavir/saquinavir all along. Patients who initiated treatment with ritonavir/saquinavir and switched to efavirenz had 4 times higher chance of achieving undetectable viral load when compared to those who remained on a ritonavir/saquinavir regimen (Table 3) .
No co-variables showed a statistically significant association with the outcome in the model performed for the ARV experienced patients (model B). However, patients who used a ritonavir/saquinavir based regimen presented three times higher chances of having undetectable viral load at the end of the antituberculosis treatment, when compared with patients who used efavirenz (OR 3.08; 95% CI 0.65-14.6) (p=0.15), (Table 3) .
Discussion
Tuberculosis is a major cause of morbidity and mortality among HIV/AIDS patients. Early tuberculosis diagnosis in HIV infected individuals is crucial, in view of the immunodeficiency progression and the increase mortality associated to this disease [10, 13] . Direct and indirect costs of both disease conditions are huge, primarily in developing countries, determining a strong impact on the economy [1] . HAART HAART was one of the greatest achievements of the last decade, as it reduces the HIV related morbidity and mortality both in developed and developing countries where this treatment is available [14, 15] .
Our results show that the overall effectiveness of HAART among this cohort of HIV/TB co-infected patients was 54%. When we evaluated the ritonavir/saquinavir based regimen in antiretroviral naïve patients, a lower proportion of effectiveness was observed (27%) compared to an efavirenz based regimen (64%) (p<0.04). Low tolerability to this dual PI based regimen was also seen, with 70% percent of these patients presenting severe or serious adverse events [16, 17] These events were mainly gastrointestinal, leading to the substitution of ritonavir/saquinavir for efavirenz, with good subsequent tolerability and virologic outcome (57%). The addition of a dual PI based regimen on top of an already hepatotoxic regimen (antituberculosis) could potentially explain the low tolerability observed among our naïve patients [6] . Patients treated with an efavirenz based regimen presented better virologic and safety outcomes, suggesting that this drug is more effective for this patient population than a dual PI regimen. The best timing of HAART initiation during TB therapy for ARV naïve patients is still an unanswered question, and we cannot rule out its impact on our results. Recent results from the SAPIT (Starting Antiretroviral therapy in three Points In Tuberculosis therapy) trial, conducted in South Africa, showed a 56% lower mortality with integrated TB/HIV treatment for patients with CD4 T-lymphocyte count less than 500 cells/mm 3 . Randomized controlled trials of early versus delayed initiation of HAART for severely immunosuppressed patients are currently underway [18] .
Efavirenz associated with rifampicin use was well tolerated in the ARV experienced patients group. We did not observe severe or serious adverse events requiring medication switch or hospitalization in any of the patients. However, the low effectiveness of this regimen, (only 48% of patients achieved an undetectable viral load) compared with the ritonavir/ saquinavir based regimen with a twofold chance of achieving a better virologic outcome (75% of patients, p=0.17), points out the limitations of its use among this patient population. This limited effectiveness could be explained by the low genetic barrier of non nucleoside analogs [10] and the previous use of this drug among 29/47 of the patients. Although this is a well known limitation, this drug was chosen by the physician to allow the concomitant rifampicin use and to avoid the risk of the intolerance, and high pill burden of a dual PI regimen [11, 12] .
Despite ritonavir/saquinavir use has been associated with a higher discontinuation rate among antiretroviral naïve patients, no severe or serious adverse events were observed in ARV experienced patients group. These findings indicate that this combination has its applicability and may be a good option for this subset of patients. As they have less remaining treatment options, they may be more prone to tolerate a more complicated HAART regimen.
Overall HAART outcomes among patients on a rifampicin based antituberculosis treatment showed to be acceptable considering the complexity of TB-AIDS concomitant therapy. Adverse events were frequent among antiretroviral naive patients using a booster PI regimen but were absent among antiretroviral experienced patients. Among the antiretroviral naïve subset of patients, an efavirenz 600mg based regimen showed better virologic and safety outcomes. Although not statistically significant, favorable virologic and safety outcomes were observed among ARV experienced patients who used ritonavir/saquinavir 400/400mg regimen when compared to antiretroviral naïve patients. 
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